We report on a three-generation Italian family with dominant transmission of a form of hereditary hypotrichosis simplex (HHS). The nine affected adults presented with sparse, thin and short hair. Somewhat less sparse and longer hair was observed in the two affected young children in the third generation. Reduced hair growth affected the scalp and body, although normal eyelashes, eyebrows and growth of men's beards were observed. No associated abnormality was detected and the overall psychomotor development of the affected individuals was normal. A phenotypic variation was observed amongst the family members and is suggestive of a reduced penetrance of the trait or the effect of a modifying factor. After exclusion, in our family, of linkage to loci previously described in other forms of atrichia or hypotrichosis, we performed a genome-wide linkage analysis, which resulted in a positive lod score at 18p11.32-p11.23. We defined a critical region of about 35 cM flanked by markers D18S853 and D18S40. The highest two-point lod score was obtained with the microsatellite markers D18S1376, D18S53 and D18S453 (lod score of 3.31 at θ = 0.00). The 18p11.32-p11.23 locus represents the first chromosome region shown to be associated with hereditary hypotrichosis simplex.
Introduction
Many conditions involving hair abnormalities have been described to date. Hereditary and congenital hypotrichosis and atrichia are among the most complex areas of disorders of hair growth with several apparently distinctive entities. Numerous cases have been described sharing the features of decreased numbers of hair follicles, small follicles and/or fragile abnormal hairs. This may occur as an isolated defect, or as a feature of an hereditary syndrome, usually in association with other ectodermal defects (ectodermal dysplasia). Where a structural hair shaft defect is characteristic, this has given its name to the disorder, as in monilethrix (MIM 252200). Abnormal features which are often associated with hair loss include dysplastic or brittle fingernails, skin and tooth defects, mental retardation, seizures or other abnormalities (for an extensive list see Online Mendelian Inheritance in Man). Dominant, recessive and X-linked transmission of syndromes featuring atrichia or hypotrichosis have been described, whereby recessive inheritance is the most frequently observed mode of transmission [1] [2] [3] [4] [5] and isolated forms of hair abnormalities represent the minority of cases. 1, 6, 7 Despite published accounts of literally hundreds of Mendelian hair-growth disorders, the defective genes have been identified only in a few so far. These include anhidrotic ectodermal dysplasia (MIM 305100; 3 MIM 224900 8 ), monilethrix (MIM 252200 9,10 ), autosomal recessive congenital universal atrichia (MIM 203655 2, 7, 11, 12 ), and congenital atrichia with severe functional T-cell immunodeficiency and nail dystrophy (MIM 601705 13 ).
Unlike congenital atrichia that is characterised by total and permanent absence of hair, hair is diffusely thinned, but present in hereditary hypotrichosis. Among the hereditary forms of isolated hypotrichosis, Marie Unna's hereditary hypotrichosis (MIM 146550) is the best characterised, and is distinguished from hereditary hypotrichosis simplex (HHS, MIM 146520) by the presence of a twisting hair dystrophy, the reason for which 'hereditary trichodysplasia' has been proposed as an alternative denomination of this disorder. 14 HSS is a descriptive term for the clinical expression of a variety of phenomena related to diffuse thinning of the scalp hair without any gross abnormality of the hair shaft morphology or associated anomalies. Several HSS pedigrees have been published showing autosomal dominant inheritance (eg MIM 146550, MIM 146520), others show autosomal recessive inheritance (eg MIM 241900), whereby variability is observed in the clinical features, such as the age of onset, severity, and involvement of eyebrows and lashes. 15, 16 In this report we describe a family with a form of hereditary hypotrichosis simplex of the scalp with autosomal dominant inheritance. The genetic locus described in this study represents the first known locus associated with HHS. Future efforts will be directed at investigating candidate genes for mutations underlying this isolated form of hair abnormality.
Subjects and methods

Subjects
The pedigree of the non-consanguineous Italian family is shown in Figure 1 . The hair abnormality was first manifested in individual I.1, who was the only affected sibling in a family with 11 children. The affected adults presented with thin, sparse and short scalp hair. The hair growth is particularly sparse at the top of the head, somewhat denser hair growth is observed at the temples. A thin and sparse re-growth of the scalp hair is observed after cutting. The affected men trim their hair every 2 to 3 months. Body hair is present, although it is also sparse. The growth of eyebrows, eyelashes, and men's beards is normal. All affected men shave their beards regularly. The finger and toe nails, which are also trimmed regularly, teeth, skin and sweating are normal. The first dentition in the two affected children in the third generation occurred at about 5 months. The affected members, apart from III.4, showed no further abnormal feature and were of normal intelligence, normal growth and development. In addition to the hair abnormality, individual III.4 was found to have the following abnormal karyotype: 45,X/46,X,r(X)(p22.3q24?) (data not shown).
Reduced hair growth was evident in all affected individuals from early childhood, with progression over the years and persistent growth of sparse and fine hair in adulthood. Slight phenotypic differences were noticed amongst the family members: individuals II.2 and II.11 were particularly affected by reduced hair growth, whereas siblings III.4 (currently 5 years old, Figure 2a ) and III.5 (currently 2 years old, Figure 2b ) appear to have more and longer hair than their mother (II.7) had in her childhood.
Examination of hair by light and polarisation microscopy did not show any specific changes or gross abnormality of the hair shaft morphology in individual II.7 and her two daughters III.4 and III.5.
Molecular analyses
DNA was extracted by standard procedures from blood samples of the family members. The blood samples were drawn after obtaining informed consent from the adults and the parents of the children. Haplotype analysis was carried out using microsatellite primers purchased from Research Genetics® (Huntsville, AL, USA). The linkage maps provided by Généthon, GDB, LDB and the Marshfield Medical Research Foundation were consulted for the localisation and the genetic distances of the markers. The microsatellite markers were used in polymerase chain reactions (PCR) consisting of 35 cycles of: denaturation for 30 s (3 min to the first cycle) at 94°C, primer annealing at 52-60°C for 45 s and primer extension at 72°C for 1 min. The reactions were carried out using a Perkin Elmer PCR cycler. The PCR products were separated on 6% denaturing polyacrylamide gels and visualised by silver staining using standard procedures.
Haplotype and linkage analyses were carried out using the software programs 'Cyrillic®' and 'Linkage®' (version 5.1 with Fastlink 3.0P). For the linkage calculations full penetrance of an autosomal dominant trait was assumed with a disease gene frequency of 0.0001 and an equal recombination frequency for females and males. The two-point lod scores were calculated by use of the MLINK program. Allele frequencies were calculated based on the values reported in the Généthon database.
Results
Haplotype analysis at loci associated with other forms of alopecia indicated a distinct genetic defect in our family. The gene loci we initially investigated included 12q13 (keratin genes 9, 10 ) and the locus for the 'hairless' gene at 8p21-p22, 7 as well as less likely loci such as Xp22.2-p21.2, Xq11-q21.1, Xq28, 2q34-q36, 13q11-q12.1. 5,17-20 Clear negative twopoint lod scores were obtained for our family at all these regions (data not shown).
A subsequent genome-wide linkage analysis resulted in a significant lod score at 18p11.32-p11.23. We were able to define a critical chromosome region of about 35 cM covering approximately 15 Mb of genomic sequence (LDB and Marshfield Medical Research Foundation linkage maps). The haplotypes obtained for the 15 most informative markers mapping to the critical site are illustrated in Figure 1 . The chromosome region, from marker D18S52 to D18S453, showed segregation of the same haplotype in all affected individuals (indicated with a box). The two meiotic crossovers, observed in An HHS gene maps to 18p11.32-p11.23 y individuals II.9 and II.7, that define the boundaries of the critical region are indicated with arrows. Table 1 summarises the two-point lod scores obtained for a total of 20 markers. A number of further markers which were particularly not informative in our family were not included in the table (eg  D18S1267, D18S1261, D18S1210E, D18S981, D18S991,  D18S471, D18S344, D18S458, D18S967, D18S1153, D18S71 and further markers flanking the critical region). A two-point An HHS gene maps to 18p11.32-p11. 23 A Baumer et al y lod score of at least 3 was obtained for five markers (whereby the maximal theoretical two-point lod score attainable for the family was 3.6 at θ = 0.00). The best results were obtained with markers D18S1376, D18S53 and D18S453, all of which resulted in a two-point lod score of 3.31 at θ = 0.00. The order of the primers, as listed in Table 1 , reflects basically that given in the LDB linkage map, the only difference being the inverted order of markers D18S1163 and D18S976. Evidence for a meiotic crossover between the two markers was observed on the paternal chromosome of individual II.2; thus, based on the haplotypes, marker D18S976 appears to map at a position distal to D18S1163. The markers are listed from distal to proximal (from 18p11.32 to 18p11.23)
An HHS gene maps to 18p11.32-p11. 23 y
Discussion
We were initially intrigued by the unusual segregation of the disease trait in the non-consanguineous family described in this report. We contemplated the possibility of a de novo mutation followed by loss of heterozygosity at the disease locus in individual I.1, which would have explained the transmission of the dominant trait to all her children. Analysis to this effect was carried out by reconstruction of the parental haplotypes based on the DNA samples of six of the 10 unaffected siblings of individual I.1 (data not shown). However, a conventional linkage analysis, carried out in parallel with samples from the two younger generations, resulted in a significant positive lod score at 18p11.32-p11.23, and thus revealed the purely coincidental transmission of the disease trait to all siblings in the second generation. On the basis of the haplotype analysis at 18p11.32-11.23 of individual I.1 and her siblings we were able to confirm the de novo occurrence of the hypotrichosis (data not shown). The 18p11.32-p11.23 locus described in this study represents the first reported chromosome region associated with autosomal dominant transmission of hereditary hypotrichosis simplex.
Alopecia in cases with chromosomal abnormalities affecting 18p
A few cases are reported in the literature with alopecia occurring as an associated feature in patients with a chromosome deletion of 18p. [21] [22] [23] In the familial 18p-case described by Uchida and colleagues, 21 the mother of the 2-year-old proband presented with alopecia from the age of 2-3 years. The hair loss progressed rapidly leading to complete and permanent baldness within a few months. A similar case has been reported by Jacobsen and Mikkelsen. 22 The age of onset of the alopecia was at 1 year in their proband; it affected all body hair and also led to complete baldness. A third case was reported by Harris and colleagues 23 with alopecia in a patient with an 18;21 translocation resulting in an 18p deletion. The 18p deletions were revealed by cytogenetic investigations and their exact breakpoints were not characterised. A further interesting case of reduced and abnormal hair growth was described in a patient with mosaic trisomy 18. 24 The phenotypic presentation of the alopecia in the three patients with 18p deletions appears to be more severe than in the affected members of our family, and the progression of the hair loss more rapid. On the other hand the hair abnormality in the patient described by Collins and colleagues 24 appears to be less severe than in our patients. It is not clear whether the locus at 18p11.32-p11.23 associated with HHS in our family may be involved in the alopecia in the three previously reported 18p deletion cases. [21] [22] [23] Variability of the clinical features could be explained by haploinsufficiency of other genes on 18p, which could aggravate the phenotype associated with the gene underlying HHS in our family.
A slight phenotypic variability is observed among the affected individuals in the family described here, and could be due to incomplete penetrance, the action of a co-dominant trait or modifying factors. Reduced penetrance of dominant traits is reported also for other cases with HHS and it would clearly be interesting to investigate such families for linkage to the 18p11.32-p11.23 locus. Compared to other reports describing cases with dominant inheritance of HHS it would appear that the age of onset is slightly lower in our family, with an age of onset of about 1-2 years rather than about 5 years. 4, 6, 15, 16 Genes mutated in other forms of isolated hypotrichosis and atrichia and candidate genes at 18p11.32-p11. 23 Gene loci and genetic defects underlying two forms of isolated alopecia have been characterised to date. A first locus involves a keratin gene cluster on chromosome 12q13. Mutations in two hair cortex keratin genes (hHb1 and hHb6) localised in the region have been described in patients with the dominant inherited hair disorder monilethrix (MIM 252200 9, 10 ). The second locus maps to 8p21-p22 7 and gene mutations in the human 'hairless' gene have been found in patients with the recessive transmitted congenital universal atrichia (MIM 203655 2, 7, 11, 12, 25 ). Interestingly, defects in the human 'hairless' gene appear to be responsible not only for universal atrichia but also for an atrichia with papular lesions (APL). 26 The 'hairless' gene is thought to encode a multifunctional transcription factor. A highly conserved C-terminal region has been postulated to be involved in the regulation of the thyroid hormone receptor activity. The 35 cM critical region at 18p11.32-p11.23 associated with HHS in our family contains a number of characterised genes and a number of expressed sequence tags. The known genes include: TGIF, ZF161, LAMA1, PTPRM, DYT7, NDUFV2, MC5R, GNAL and PTPN2. While for some genes the function and/or associated abnormal phenotypes are known, little is known in other cases. The gene ZF161 (zinc finger protein 161) has been proposed as a candidate gene for holoprosencephaly type 4 (MIM 142946 27 ). DYT7 has been postulated to be involved in idiopathic torsion dystonia. 28 Disruption of the murine MC5R (melanocortin 5 receptor) gene was shown to result in animals with defective exocrine gland function. 29 GNAL (guanine nucleotide-binding protein) appears to be involved in olfaction. 23 Future efforts will be directed at identifying and investigating candidate genes for HHS in the 18p11.31-p11.23 region.
